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(54) ACTIVE MATRIX TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide new structure regarding the 
formation of the auxiliary capacity of a pixel in an active matrix type liquid 
crystal display device which uses top gate type or bottom gate type thin film 
transistors. 

SOLUTION: A source line 18 and a 1st insulating thin film which covers metal 
wiring 1 9 in the same layer with it and has a high dielectric constant like % 
silicon nitride are formed, and a 2nd flattened insulating film 21 is formed 
thereupon. Then the 2nd insulating film 21 is etched to form a hole part 2, 
thereby selectively exposing the 1st insulating film 20. A conductive film 23 
which functions as a light shield film is formed thereupon, and capacity 
including the insulating film 20 as a dielectric is formed between the film 23 
and metal wiring 19 as auxiliary capacity of a pixel. Further, the auxiliary 
capacity is provided selectively at a part where the influence of orientation 
disorder (disclination) of liquid crystal molecules is large to improve the 
substantial aperture rate. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the active matrix liquid crystal display using the thin film transistor as a switching element 
The source line formed on the gate line, and the conductive film which functions as a light-shielding film, 
is held at fixed potential, and is in the middle layer of said source line and pixel electrode, It has the 
layer insulation object formed between the source line and said conductive film. Said layer insulation 
object On a lower layer insulating material layer, the upper insulating material layer which consists of an 
ingredient of a different kind is. In said layer insulation object The aperture obtained by etching the 
insulating material layer of the upper layer alternatively is prepared, and it sets to said aperture. Said 
conductive film and the auxiliary capacity which makes lower layer metal wiring two electrodes, and uses 
said lower layer insulating material layer as a dielectric are formed. Said lower layer metal wiring It is a 
source line and this layer, and insulates with a source line physically, and is characterized by having 
contact between the drain of a thin film transistor, and a pixel electrode. 

[Claim 2] A thin film transistor and the source line formed on the gate line, It connects with the drain of 
said thin film transistor. Said source line and metal wiring of this layer. The pixel electrode linked to said 
metal wiring, and the conductive film which functions as a light-shielding film, is held at fixed potential, 
and is in the middle layer of said source line and pixel electrode, It is between said conductive films and 
said source lines, and has the layer insulation object which consists of a two-layer insulating material 
layer at least. Said conductive film The active-matrix mold display characterized by having the part 
which touches the lower layer insulating material layer of said layer insulation object in the part which 
laps with said metal wiring. 

[Claim 3] It is the active-matrix mold display characterized by the lower layer of a layer insulation object 
using silicon nitride as a principal component in claim 1 or claim 2. 

[Claim 4] It is the active-matrix mold display characterized by the upper layer of a layer insulation 
object using organic resin as a principal component in claim 1 or claim 2. 

[Claim 5] It is the active-matrix mold display characterized by said auxiliary capacity consisting only of 
silicon nitride as a dielectric in claim 1 . 

[Claim 6] The thickness of the layer which uses said silicon nitride as a principal component in claim 3 is 
a active-matrix mold display characterized by being 1 000A or less. 

[Claim 7] Said metal wiring is a active-matrix mold display characterized by being prepared in the part 
which disclination tends to generate [ in / on claim 1 or claim 2 and / a pixel ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention indicated on these specifications relates to 
the circuitry and arrangement of the pixel field of the display of the active-matrix mold which has a 
source line on a gate line, using a thin film transistor. Especially, it is related with the configuration of 
auxiliary capacity. 
[0002] 

[Description of the Prior Art] The technique which produces a thin film transistor (TFT) on a cheap 
glass substrate recently is progressing quickly. It is [ the ] reasonable in the need of an active matrix 
liquid crystal display having increased. An active matrix liquid crystal display arranges a thin film 
transistor to each of each pixel of dozens arranged in the shape of a matrix - 1 million numbers, and 
controls the charge which frequents each pixel electrode by the switching function of a thin film 
transistor. 

[0003] Liquid crystal is put between each pixel electrode and a counterelectrode, and a kind of capacitor 
is formed. Therefore, the electro-optics property of liquid crystal can be changed by controlling receipts 
and payments of the charge to this capacitor by the thin film transistor, the light which penetrates a 
liquid crystal panel can be controlled, and image display can be performed. 

[0004] Moreover, the capacitor which becomes with such a configuration has the problem that the 
electro-optics property of liquid crystal changes and-the contrast of image display gets worse, in order 
that the maintenance electrical potential difference may decrease gradually by leak of a current. Then, 
the configuration which supplies the charge which installed the capacitor which consists of liquid crystal, 
and another capacitor called auxiliary capacity to a serial, and was lost by leak etc. to the capacitor 
which consists of liquid crystal is common. 

[0005] The circuit diagram of the conventional active matrix liquid crystal display is shown in drawing 1 . 
A active-matrix mold display circuit is roughly divided into three parts. That is, it is the active-matrix 
circuit 3 in which the 1 pixel data driver line for driving the gate driver circuit 2 for driving the gate line 
(gate wiring, scanning wiring, scan wiring) 4 and the source line (data wiring, source wiring, signal wiring) 
5 was prepared. Among these, the data driver line 1 and the gate driver circuit 2 are named a 
circumference circuit generically. 

[0006] The active-matrix circuit 3 is formed so that many the gate lines 4 and the source lines 5 may 
cross mutually, and the pixel electrode 7 is formed in each intersection. And the switching element (thin 
film transistor) 6 for controlling the charge which frequents a pixel electrode is formed. As a thin film 
transistor, a top gate mold (what has a gate electrode on a barrier layer), and a bottom gate mold (what 
has a barrier layer on a gate electrode) are properly used according to the circuit structure to need, a 
making process, a property, etc. Moreover, the auxiliary capacity 8 is formed in the capacitor and 
juxtaposition which are a pixel in order to control fluctuation of the electrical potential difference of a 
pixel according to leakage current as mentioned above. ( Drawing 1 ) 

[0007] On the other hand, since conductivity is changed by the exposure of light, a thin film transistor 
needs to put the coat (black matrix) which has protection-from-light nature on a thin film transistor, in 
order to prevent it. Moreover, in order to prevent that the color between pixels and brightness are mixed, 
and the poor display by turbulence of the electric field in the boundary part of a pixel, the coat of the 
above-mentioned protection-from-light nature is formed between pixels. 
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[0008] For this reason, this protection-from-light nature coat presents a matrix-like configuration, and 
is called a black matrix (BM). Although BM was prepared in the substrate (opposite substrate) which 
counters the substrate with which the active-matrix circuit was prepared from the profitableness on a 
production process at the beginning, preparing the area of a pixel in the substrate with which the active- 
matrix circuit was prepared from the need of enlarging (a numerical aperture being gathered) is proposed. 
[0009] 

[Problem(s) to be Solved by the Invention] Although various things were proposed about the 
configuration of auxiliary capacity, it was difficult to obtain a big capacity, maintaining the opening part 
(transparency part of light) of a pixel. This invention is made in view of such the present condition. 
[0010] 

[Means for Solving the Problem] In case invention indicated on these specifications forms a light- 
shielding film in the substrate by the side of a active matrix, it is characterized by solving the above- 
mentioned technical problem by holding this light-shielding film to fixed potential as a conductive thing, 
and using this as an electrode of auxiliary capacity. First of all, since a light-shielding film does not make 
light penetrate, there is no decline in the numerical aperture by using this for the electrode of auxiliary 
capacity. 

[001 1] The active-matrix mold indicating equipment of this invention functions as ** thin film transistor, 
** gate line, the source line formed on it, and a ** light-shielding film, and is connected to the drain of 
the conductive film held at fixed potential, and ** thin film transistor, and it is between the metal wiring 
** conductive film of the same layer as a source line, and a source line, and has the layer insulation 
object which consists of a two-layer insulating material layer at least. 

[0012] if the above-mentioned conditions are fulfilled in this invention — a thin film transistor — a top 
gate and a bottom gate — all can be used. It is because the main improving point of this invention is 
related with the structure above a source line, so it does not pose a problem at all about the structure 
below a source line (namely, physical relationship of a gate line and a 'barrier layer). Moreover, the layer 
structure of a layer insulation object may be three or more layers. 

[0013] The 1st of this invention is characterized by forming the auxiliary capacity which makes two 
electrodes the above-mentioned metal wiring and a conductive film (light-shielding film), and uses the 
lower layer insulating material layer of a layer insulation object as a dielectric at least at the part into 
which the insulating material layer of the upper layer of a layer insulation object was etched in the 
above-mentioned structure. The dielectric may consist of an insulating material layer more than two- 
layer. 

[0014] It is characterized by the 2nd of this invention having the part which touches the lower layer 
insulating material layer of a layer insulation object in said layer insulation object in the above- 
mentioned structure in the part to which a conductive film (light-shielding film) laps with metal wiring. In 
the 1 st of the above-mentioned invention, and the 2nd, it is effective that it is stabilized, can produce 
the lower layer of a layer insulation object in a semi-conductor process, and specific inductive capacity 
also uses high silicon nitride as a principal component. In that case, as a dielectric of auxiliary capacity, 
it is also possible to also consider only as a silicon nitride layer and to consider as multilayer structure 
with other coats (for example, oxidation silicon). 

[0015] In this case, a bigger capacity is obtained by a dielectric's becoming thin and using silicon nitride 
with a large dielectric constant. In this invention, the thickness of a silicon nitride layer is preferably 
good to consider [ 1000A or less ] as 500A or less. Moreover, in such structure, a silicon nitride film will 
cover a active-matrix circuit from on a source line, and barrier ability, such as the moisture resistance 
of silicon nitride and ionicity-proof, can use effectively. 

[0016] Moreover, in the above-mentioned invention, although it is also effective to form the upper layer 
of a layer insulation object using the easy organic resin (for example, polyimide, a polyamide, 
polyimidoamide, epoxy, an acrylic, etc.) of flattening, a lower layer is wanted to use organic resin as the 
high ingredient of barrier ability, such as silicon nitride, an aluminum oxide, and alumimium nitride, since 
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b&rrier ability, such as moisture resistance and ionicity-proof, is weak. 

[0017] Furthermore, in the above-mentioned invention, it is effective by the following reasons to prepare 
metal wiring in the part which disclination (orientation turbulence of the liquid crystal molecule under the 
effect of irregularity or horizontal electric field) tends to generate in a pixel. Although what originates in 
dust etc. among disclination can cope with it by defecation of a production process, to what is depended 
on the irregularity (for example, irregularity near contact of a pixel electrode) and horizontal electric field 
of component structure, radical treatment is impossible. The part which disclination generates is 
unsuitable although used as a pixel, conventionally, although measures which cover such a part by the 
light-shielding film, and do not function as a pixel have been taken, by this invention, auxiliary capacity 
can be prepared in such a part and area can be used effectively. 
[0018] 
[Example] 

[Example 1] The making process sectional view of this example is shown in drawing 3 , and a making 
process plan is shown in drawing 2 . The number of drawing 2 and drawing 3 corresponds. The numeric 
value of the thickness and others in the following examples is not an example, and necessarily the 
optimal. Furthermore, even if those, who carry out this invention change if needed, it does not interfere 
at all. 

[0019] First, the amorphous silicon film is formed with a plasma-CVD method or a reduced pressure 
heat CVD method in thickness of 500A on a glass substrate 1 1. Although it is desirable on a glass 
substrate that the thickness of 3000A forms the oxidation silicon film by the spatter or the plasma-CVD 
method as substrate film, if it is on a quartz-glass substrate, it is not necessary in it to prepare . 
especially the substrate film. Next, the barrier layer 12 of a thin film transistor is obtained by using the 
amorphous silicon film as the crystalline silicon film, and etching this with well-known annealing 
techniques, such as heating or an exposure of laser light. 

[0020] Next, by the plasma-CVD method, the reduced pressure heat CVD method, or the spatter, the 
oxidation silicon film 13 is formed in thickness of 1000A as gate dielectric film. And the gate line (gate 
electrode) 14 is obtained by forming the polycrystal silicon film which has phosphorus in thickness of 
5000A with a reduced pressure CVD method, and etching this. ( Drawing 3 (A)) 

[0021] Next, they are 5x1015 atom /[ 5x1014 - ] cm3 about the ion of Lynn which is the impurity which 
gives N type. The source 1 5 and a drain 1 6 are formed by pouring in with a dose. All serve as N type. 
The field where impregnation of impurity ion was performed is activated after impregnation of impurity 
ion by performing heat-treatment, the exposure of laser light, or the exposure of strong light. 
[0022] Next, with a well-known insulating material stratification technique, the layer insulation object 17 
of oxidization silicon with a thickness of 5000A is formed, the layer insulation object 17 and gate 
dielectric film 13 are etched, and the contact hole which reaches the source 15 and a drain 16 is 
punctured. And the source line 1 8 and the metal wiring (auxiliary capacity electrode) 1 9 are formed with 
a well-known metal wiring formation technique. ( Drawing 3 (B)) 

Signs that the circuit obtained at the process so far was seen from the top are shown in drawing 2 (A). 
A number corresponds to the thing of drawing 3 . ( Drawing 5 (A)) 

[0023] Next, a silicon nitride film 20 is formed by the plasma-CVD method using a silane, ammonia or a 
silane, N2 O, or a silane, ammonia and N2 O. This silicon nitride film 7 forms membranes in thickness of 
500A 250-1 000A and here. The approach of using a JIKURORU silane and ammonia is sufficient as the 
membrane formation approach of this silicon nitride film. Moreover, it may depend on the other 
approaches [ also using a reduced pressure heat CVD method and an optical CVD method ] further. 
[0024] Then, at least 8000A or more of polyimide layers 21 is preferably formed in thickness of 1.5 
micrometers with a spin coating method. The front face of a polyimide layer is formed evenly. In this way, 
the layer insulation object which consists of a silicon nitride layer 20 and a polyimide layer 21 is formed. 
And the polyimide layer 21 is etched and the aperture 22 for auxiliary capacity is formed. ( Drawing 3 
CO) 
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[O025] In addition, since silicon nitride may be etched depending on the etchant used in the case of 
etching of the polyimide layer 21, 50-500A in thickness and the 200A oxidation silicon film may be 
prepared between a silicon hitride layer and a polyimide layer for protection of silicon nitride. 
Furthermore, the titanium film with a thickness of 1000A is formed by the sputtering method. Of course, 
metal membranes, such as chromium film and aluminum film, may be used, and other membrane 
formation approaches may be used. And this is etched and the black matrix 23 is formed. The black 
matrix 23 is formed so that the hole for auxiliary capacity formed previously may be covered. ( Drawing 
3 (D)) 

[0026] Signs that the hole 22 and the black matrix 23 for auxiliary capacity which are acquired at the 
process so far were seen from the top are shown in drawing 2 (B). A number corresponds to the thing of 
drawing 1 . Auxiliary capacity is formed in the part to which the black matrix 23 lapped with the hole 22 
for auxiliary capacity. ( Drawing 2 (B)) 

[0027] Furthermore, as a layer insulation object, the polyimide film 24 with a thickness of 5000A is 
formed, the polyimide film 21 and 24 and the silicon nitride layer 20 are etched, and the contact hole 
which reaches the metal wiring 19 is formed. Furthermore, the ITO (in DIUMU stannic acid ghost) film 
with a thickness of 1000A is formed by the sputtering method, this is etched and the pixel electrode 25 
is formed. ( Drawing 3 (E)) 

[0028] In this way, a active-matrix circuit is completed. Like this example, when an insulating layer is 
formed with the polyimide film, flattening is easy and effectiveness is large. In this example, auxiliary 
capacity is obtained by the part 22 with which the black matrix 23 and a drain 16 lap, and a dielectric is 
the silicon nitride layer 17. 

[0029] [Example 2] The plan of the making process of this example is shown in drawing 4 . This example 
of the making process itself is almost the same as that of an example 1 , and a number corresponds to 
the thing of an example 1 . Circuit arrangement differs from the example 1 and this example shows how 
(a substantial numerical aperture is raised) to form a pixel effectively by preparing auxiliary capacity in 
the part which disclination tends to generate. 

[0030] First, generating of disclination is explained using drawing 5 . Drawing 5 is the thing of the same 
circuit arrangement as the pixel produced in the example 1. As shown in drawing 5 , in the indicating 
equipment which the contact 31 of a pixel electrode is formed in the upper right of a pixel, and rubbing 
is performed from the upper right of drawing in the direction of lower left (it is cautious of differing from 
the upper right from the lower left), and performs a source line reversal drive (the drive approach and 
the dot reversal drive which makes mutually the signal impressed between adjoining source lines the 
thing of reversed polarity also include), it is easy disclination producing into the part 30 at the upper 
right of a pixel. Since this part is unsuitable for using for a display, to cover by BM is desired. ( Drawing 
5) 

[0031] Then, as shown in drawing 4 (A), like an example 1, arrangement of the metal wiring 19 is not 

prepared on a pixel, but is prepared in the right-hand side of a pixel. ( Drawing 4 (A)) 

Furthermore, an aperture 22 is formed on the metal wiring 19, and BM23 is formed on it. It is effective, if 

it prepares in the lower right as the contact 31 of a pixel electrode is also shown in drawing 4 (B). 

( Drawing 4 (B)) 

[0032] In this way, auxiliary capacity is formed in the part which disclination tends to produce. This 
example moved preparing-in the pixel bottom auxiliary capacity to the left in the circuit of an example 1, 
and the area of opening on a circuit design is the same. However, a substantial more big opening area 
can be obtained by piling up disclination and auxiliary capacity (or BM). 

[0033] [Example 3] The plan of the making process of this example is shown in drawing 6 . This example 
of the making process itself is almost the same as that of an example 1, and a number corresponds to 
the thing of an example 1. This example aims at effective use of area more, when it changes 
arrangement of the barrier layer of a thin film transistor, although arrangement of auxiliary capacity is 
substantially [ as an example 2 ] the same. 
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[0034] In this example, the direction of rubbing is the upper right from the lower left, and disclination 
tends to produce it into the part at the lower left of a pixel in this case. In an example 2, although 
preparing auxiliary capacity in the part which such disclination tends to produce was shown, in this 
example, a part of barrier layer of the thin film transistor of the next line is prepared in this part. That is, 
the branch of a gate line is removed and it is made the shape of a straight line, and it arranges so that a 
barrier layer may cross this, at the same time it arranges arrangement of the metal wiring 1 9 on the 
left-hand side of a pixel, as shown in drawing 6 (A). ( Drawing 6 (A)) 

[0035] Furthermore, an aperture 22 is formed on the metal wiring 19, and BM23 is formed on it. 
( Drawing 6 (B)) 

In this way, a part of auxiliary capacity and thin film transistor are formed in the part which disclination 
tends to produce. In the circuit of an example 2, the efficient use of the part to which the branch of a 
gate line became unnecessary, and area of this example was attained. 

[0036] [Example 4] The plan of the making process of this example is shown in drawing 8 , and the 
principal part and the circuit diagram of a thin film transistor of this example are shown in drawing 7 . 
This example of the making process itself is almost the same as that of an example 1 , and a number 
corresponds to the thing of an example 1. Moreover, the number of drawing 7 and drawing 8 also 
corresponds mutually. This example aims at effective use of area for the property of a thin film 
transistor from slight height, when it changes arrangement of the barrier layer of a thin film transistor, 
and a gate electrode, although arrangement of auxiliary capacity is substantially [ as an example 2 ] the 
same. 

[0037] Since rubbing is made at the upper right from the lower left as well as an example 3, disclination 
also tends to produce this example into the part at the lower left of a pixel. In an example 2, although 
preparing auxiliary capacity in such a part being shown, and preparing a part of barrier layer of the thin 
film transistor of auxiliary capacity and a single gate (single gate) in an example 3 was shown, in this 
example, the barrier layer and gate electrode of a thin film transistor of a triple gate (3-fold gate) are 
also prepared in this part. 

[0038] First, the outline of the triple gate thin film transistor of this example is explained using drawing 7 
(A). This thin film transistor forms a branch 29 in the gate line 14, and makes it the structure of lapping 
as a barrier layer 12 shows in a gate line, its branch, and drawing. The crossing parts 26-28 serve as a 
transistor, respectively ( drawing 7 (A)). 

[0039] That is, as shown in drawing 7 (B), three thin film transistors serve as structure linked to a serial 
between the source line 18 and the metal wiring 19. ( Drawing 7 (B)) The effective thing is known 
especially if such a multiplex transistor is used as a switching transistor of a active matrix (JP,5- 
44195,B). 

[0040] Although the thin film transistor of such structure occupies the part at the lower left of the pixel 
of the next line, since this part is a field which disclination tends to generate, this does not bring about 
decline in a numerical aperture like examples 2 and 3. That is, as shown in drawing 8 (A), a branch 29 is 
formed in the gate line 14, and it arranges so that a barrier layer 12 may intersect the gate line 14 and 
its branch 29 3 times. Furthermore, the metal wiring 1 9 is arranged on the left-hand side of a pixel, as 
shown in drawing. ( Drawing 8 (A)) 

[0041] Furthermore, an aperture 22 is formed on the metal wiring 19, and BM23 is formed on it. 
( Drawing 8 (B)) 

In this way, a part of auxiliary capacity and thin film transistor are formed in the part which disclination 
tends to produce. Auxiliary capacity may be far small when it considers as 3-fold gate thin film 
transistor like the circuit of an example 2 at the point which needs the branch of a gate line, although 
this example is more disadvantageous than the thing of an example 3. Therefore, synthetically, this 
example excels the thing of an example 3 in the property. 
[0042] 

[Effect of the Invention] As shown above, the conductive film used as a black matrix was used as the 
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electrode, and the approach of forming auxiliary capacity between this, a source line, and metal wiring of 
this layer was proposed. Although the example showed the example which uses the thin film transistor 
of a top gate mold, since this invention is amelioration about the structure above a source line, it is 
clear that it can carry out similarly in the thin film transistor of a bottom gate mold. Thus, this invention 
is useful on industry. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram of a general active-matrix circuit is shown. 
[Drawing 2] The making process plan of the active-matrix circuit of an example 1 is shown. 
[Drawing 3] The making process sectional view of the active-matrix circuit of an example 1 is shown. 
[Drawing 4] The making process plan of the active-matrix circuit of an example 2 is shown. 
[Drawing 5] Drawing explaining disclination. 

[Drawing 6] The making process plan of the active-matrix circuit of an example 3 is shown. 
[Drawing 7] The outline and circuit diagram of a thin film transistor of an example 4 are shown. 
[Drawing 8] The making process plan of the active-matrix circuit of an example 4 is shown. 
[Description of Notations] 

1 Data Driver Line 

2 Gate Driver Circuit 

3 Active-Matrix Circuit Field 

4 Gate Line 

5 Source Line 

6 Thin Film Transistor (TFT) 

7 Pixel Electrode 

8 Auxiliary Capacity 

1 1 Glass Substrate 

1 2 Barrier Layer 

13 Oxidation Silicon Film (Gate Dielectric Film) 

14 Gate Line (Gate Electrode) 

15 Source 

16 Drain 

17 Oxidation Silicon (Layer Insulation Object) 

18 Source Line 

19 Metal Wiring (Auxiliary Capacity Electrode) 

20 Silicon Nitride Layer 
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21 24 Polyimide layer 

22 Aperture (Auxiliary Capacity) 

23 Light-shielding Film (Black Matrix) 
25 Pixel Electrode 

26, 27, 28 Thin film transistor 

29 Branch of Gate Line 

30 Part Which Disclination Tends to Produce 
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